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(54) Method and apparatus for transmitting stored data and engineering conditions of a tire to a 
remote location 

(57) A method for monitoring various engineering 
conditions of a pneumatic tire (1) such as temperature, 
pressure, tire rotation and other operating conditions of 
the tire. A tire tag (2) is mounted on the Interior (3) of the 
tire within the pressurizabie cavity and contains the 
stored data and sensors for detecting certain conditions 
within the cavity. A separate transponding device (20) is 
mounted on the tire rim. The tire tag contains a battery, 
an antenna and stored data pertaining to the tire. The 
transponding device uses electronic circuitry which col- 
lects data from the tire tag. The tire tag is actuated by 
transmitted radio frequency waves from the transpond- 
ing device, which data is retransmitted by the trans- 
ponding device to the remote location by an antenna 
(26) which extends from the transponding device 
through the rim (6) to a location externally of the tire. 
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Description 

BACKGROUND OF THE INVENTION 

Technical Field 5 

[0001] The invention relates to a method for monitor- 
ing various physical conditions of a pneumatic tire and 
to a tire having a memory device containing stored infor- 
mation relating to the tire, and a monitoring device to 
which senses engineering conditions within the tire. 
More particularly, the invention relates to a method and 
tire construction in which the memory and monitoring 
devices attach to the tire innerfiner and contain electron- 
ics to maintain stored data regarding the tire, preferably is 
an antenna and a low-powered battery to transmit and 
receive data to and from a transponder mounted on the 
tire rim. The transponder transmits the received data to 
a remote location via an antenna external of the tire. 

20 

Background Information 

[0002] It is desirable to monitor the condition of tires 
as to wear, internal temperature and internal pressure. 
It is particularly advantageous to monitor large truck 
tires since these are expensive and must be regularly 
maintained to maximize vehicle efficiency. In the past 
such monitoring activities have generally used a pas- 
sive integrated circuit embedded within the body of the 
tire and activated by a radio frequency transmission 
which energizes the circuit by inductive magnetic cou- 
pling. Passive devices which rely on inductive magnetic 
coupling or capacrtrve coupling generally have the dis- 
advantage of requiring lengthy coil windings, thus 
requiring major modifications in the tire construction 
and assembly process. Another serious disadvantage 
with such passive devices is that the interrogator must 
be positioned in very close proximity to the tire, usually 
within a few inches of the tire, in order to allow commu- 
nication between the tire and the device. Because of the 
proximity requirements, continuous monitoring is 
impractical since it would require that an interrogator be 
mounted at each wheel of the vehicle. Manual acquisi- 
tion of data from the passive devices embedded in each 
of the tires of a parked vehicle is also cumbersome and 
time consuming because of the proximity requirements. 
[0003] Other prior art devices used for monitoring tire 
conditions have comprised self-powered circuits which 
are positioned external of the tire, such as at the valve 
stem. Externa fly mounted devices have the disadvan- 
tage of being exposed to damage, such as from weather 
and vandalism. Additionally, externally installed devices 
can easfly become disassociated from a particular tire 
which is being monitored. 

[0004] Another disadvantage with known tire monitor- 
ing and identification devices is that communication 
transmissions are achieved using conventional radio 
frequencies which generally require a relatively large 



i. , 

antenna which must be mounted externally or secured 
to the tire in such a manner which requires relatively 
major modifications in the tire co n struction or assembly 
process 

[0005] Many of these problems have been eliminated 
by the method and tire construction shown and 
descrfoed in U.S. Patent Nos 5.500,065; 5,562.787; 
5.573,610 and 5.573,611. However, these devices are 
contained within the tire-wheel chamber and have diffi- 
culty transmitting data through the tire to external 
receivers. Also, some adcfitional devices are contained 
within valve stems and do not attach directfy to the tire 
so they do not provide a permanent record of the tire 
since a different tire could be removed and replaced 
with another tire on the same rim containing the device. 
Also, these prior devices either attach to the tire, to the . 
wheel or to the valve stem exclusively and do not pro- 
vide design flexibility which is desired in many applica- 
tions Most importantly, when using RF frequency 
communication, difficulties are encountered in transmit- 
ting the signals to a remote distant location due to the 
signals being required to pass through the tire side- 
walks), which due to its thickness in truck tires, materi- 
ally reduces the transmission efficiency thereof. 
[0006] Although the method and tire monitoring 
devices shown and descrfoed in the above four men- 
tioned patents provide many advantages over the prior 
art it is desirable to provide for a tire monitoring system 
which provides greater versatility and flexibility by per- 
mitting separation of module functions into discrete 
components capable of improving externa] RF commu- 
nication reception in terms of signal/noise ratio, repro- 
ducibility and distance by using two separate devices 
one of which is attached cfirectly to the tire innerfiner to 
sense temperature and pressure and the second being 
a transponder which is mounted on the tire rim for trans- 
mitting data from the tire/wheel to an external receiver 
by an antenna external of the tire. 

SUMMARY OF THE INVENTION 

[0007] In accordance with one aspect of the present 
invention, a method of monitoring tires is provided in 
which an activatable memory device and monitoring or 
sensing device, preferably combined in a tire tag, is 
mounted within at least one tire of a vehicle on the inner 
surface thereof, which tag contains stored data pertain- 
ing to the tire and sensors for sensing an engineering 
condition within the tire, and in which the tire tag is acti- 
vated by means of a transponder mounted on the tire 
rim within the pressurizable cavity formed within the tire. 
[0008] Another objective of the invention is to provide 
such a method and tire construction in which the mem- 
ory and sensing devices have a relatively low-power 
battery and an antenna for tran smitti ng the stored data 
and sensed conditions cfirectly to the transponder 
mounted on the rim within the tire cavity; and in which 
the transponder may have a larger power source or bat- 
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tery than that within the tire tag for transmitting the 
stored data from the memory device to a remote loca- 
tion via an external antenna. 

[0009] Another objective is to provide such a method 
and tire construction in which the sensing device con- 
tains sensors for sensing engineering conditions of the 
tire such as internal pressure and temperature, which 
information is also transmitted to ai remote location by 
the transponder and external antenna. 
[001 0] A further objective is to provide such a method 
and tire construction in which the antenna of the trans- 
ponder extends directly through the tire rim or through 
the air control valve of the tire so as to terminate exter- 
nally thereof, thereby requiring less power to transmit 
the stored and sensed data to an external source than 
would be required rf the antenna were located entirely 
within the pressurizable cavity of the tire due to the 
interference caused by the surrounding steel belts, tire 
sidewalls and tire rim. 

[001 1 ] A farther jabjectrve of the invention is to provide 
such a method and tire construction in which the 
antenna of the sensing device when extending through 
the rim external to the pressurizable cavity, can be pro- 
vided with various lengths in order to tune the antenna 
to match that of a particular interrogator located at a 
remote location. 

[0012] A further objective is to provide such a method 
and tire construction in which the tire tag containing the 
memory and sensing devices can be secured to the tire 
wall either during manufacture of the tire or secured 
thereto after manufacture by utilizing a chemical or heat 
activatable adhesive in such a manner and location to 
minimize stress, strain, cyclic fatigue, impact and vibra- 
tion. . ; 
[0013] A still further objective of the invention is to pro- 
vide such a method, tire construction and apparatus 
using two separate devices, one of which is a tire tag 
which is attached directly to the tire innerliner to sense 
temperature and pressure and the second device which 
is a simple transponder which is attached to the tire rim 
to transmit collected data from the tire tag directly to an 
external receiver by an antenna which extends either 
directly through a sealed aperture in the rim or through 
the air control valve stem. 

[0014] These objectives and advantages are obtained 
by the improved method of the present invention, the 
general nature of which may be stated as a method of 
transmitting stored data and an engineering condrtion of 
a pneumatic tire to a remote location wherein the tire is 
mounted on a rim forming an internal pressure cavity, 
said method comprising the steps of providing the tire 
with a device which provides for the storage of data per- 
taining to the tire and which senses an engineering con- 
dition of the tire; securing the device to the tire within 
said internal pressure cavity: providing a transponder 
which includes an amplifier, a first antenna a first power 
source and a control circuit for sensing tine tire data 
stored in the device and the engineering condition 



sensed by said device; securing the transponder within 
the pressure cavity adjacent the rim and remote from 
the device; locating a portion of the first antenna exter- 
nally of the pressure cavity; transmitting the stored data 
5 and seised engineering condrtion from the device to the 
transponder; and retransmitting the stored data and 
sensed engineering condition from the transponder to a 
remote location by the f irst antenna located externally of 
the pressure cavity. 
io [0015] These objectives and advantages are further 
obtained by a tire mounted on a rim and defining a pres- 
surizable cavity between the tire and rim and having first 
means for storing data concerning the tire and for sens- 
ing an engineering condition within the tire, and second 
75 means for transmitting the data and sensed engineering 
condrtion to a remote location; said first means including 
a data storage device mounted on the tire within the 
pressurizable cavity and containing stored data pertain- 
ing to the tire and a sensor device mounted on the tire 
20 within the pressurizable cavity; second means including 
a transponder mounted adjacent to the rim and remote 
from the first means within the pressurizable cavity for 
collecting data torn the data storage device and from 
the sensor device and for retransmitting the collected 
25 data to a remote location unattached to the tire; and 
said transponder further including a power source and a 
first antenna extending through the rim to a location 
external of the tire cavity for transmitting the stored data 
and sensed engineering condition to a remote location. 

30 

rpicf HFC^RIPTION ™ TtiP DRAWINGS 



[0016] Preferred embodiments of the invention, illus- 
trative of the best mode in which applicants have con- 
35 templated applying the prinriples. are set forth in the 
following description and are shown in the drawings and 
are particularly and distinctly panted out and set forth in 
the appended claims. 

40 FIG. 1 is a fragmentary diagrammatic cross-sec- 
tional view of one-half of a pneumatic tire with the 
memory and sensing devices contained within a tire 
tag mounted on the innerliner thereof and the trans- 
ponder mounted oh the air control valve within the 

45 pressurizable cavity of the tire; 

FIG. 2 is a fragmentary diagrammatic sectional 
view similar to FIG. 2 showing the transponder 
mounted on the rim and the antenna passing 
through a sealed aperture therein; 

so Fia 3 is a block diagram of the components of the 
tire tag containing the memory and sensing 
devices; and 

FIG. 4 is a block diagram of the components of the 
transponder. Similar numerals refer to similar parts . 
55 throughout the drawings. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0017] Referring to FIG. 1 of the drawings, there is 
shown a partial sectional view of a pneumatic tire 1 hav- 
ing a tire tag 2 secured to the inner wall or liner 3 in a 
region closely adjacent the bead package 4. Tire 1 is 
mounted on a usual metal rim indicated generally at 6, 
which forms an internal pressure chamber of cavity 8 
which receives a supply of air through an air control 
valve 10 for regulating the air pressure within the tire. 
The preferred location of tire tag 2, as discussed in US. 
Patent Nos. 5,500,065; 5,562.787; 5.573,610 and 
5.573.611, the contents of which are incorporated 
herein by reference, is a distance of about 1 to 2 inches 
above the toe bottom of the tire in order to reduce cyclic 
strain thereon. 

[0018] As diagrammatically represented in FIG. 3. tire 
tag 2 includes a memory device 12. a monitoring or 
sensing device 14,'arjd preferably includes an antenna 
1 6 and a battery 1 8. Memory device 12 preferably con- 
tains stored data, such as identification information per* 
tain'mg to the particular tire on which tag 2 is mounted. 
Sensing device 14 preferably includes sensors which 
senses an engineering condition of the tire such as the 
internal temperature and/or pressure. 
[001 9] Tag 2 may be assembled with the tire during its 
manufacture or secured thereto by a solvent or heat 
activatable adhesive such as described in the four 
above identified patents. 

[0020] In accordance with one of the main feature of 
the invention, transponder 20 is mounted on or incorpo- 
rated within air control valve 1 0 which extends through a 
usual opening 22 formed in rim 6. Transponder 20 pref- 
erably is encased within an encapsulating material so 
as to be less affected by the ambient temperature, pres- 
sures and other harsh environment to which it may be 
exposed. As shown in FIG. 4, transponder 20 preferably 
includes a battery 24, an antenna 26, a microchip 28 
containing the appropriate electronic control circuitry 
which is connected with and operates an amplifier 30 to 
drive antenna 26 with said information, which informa- 
tion is then transmitted by antenna 26 to a remote inter- 
rogating unit If desired, transponder 20 may have more 
than one antenna for transmitting and receiving at the 
same time with more than one frequency. This interro- 
gating unit can be located in the cab of a truck or could 
be remotely located at a completely externa! location 
either mobile or fixed, which is operable when the tire or 
vehicle is in the vicinity of the interrogating unit The 
details of microchip 28. amplifier 30 and tire tag 2 pref- 
erably are the type which are descrtoed in detail in the 
four patents referenced above, and thus are not 
described in further detail. 

[0021 ] FIG. 2 shows a modified transponder 34 which 
is mounted directly on inside surface 36 of rim 6 instead 
of on valve 10. Antenna 26 extends through a sealing 
grommet 40 which is sealed in an aperture 38 formed in 



rim 6 so as to exlend externally of the tire to provide for 
the desired increased efficiency in the transmission of 
the collected data and an increase in the signal/noise 
ratio and enhanced reproducfcility of the signal, and 

5 enabling greater transmission distances to be achieved 
between the vehicle tire and a remote interrogator since 
there is no appreciable loss of signal strength which 
heretofore resulted when the signal had to be transmit- 
ted from within the tire through the tire sidewalk 

io [0022] In accordance with another of the main fea- 
tures of the invention, the improved apparatus and tire 
construction exploits the wireless communications 
capability of transponders to receive and transmit data 
within the tire to a fixed storage device that retains the 

75 tire ID and service history (temperatures, pressures, 
etc.) and to receive and transmit same or similar data to 
an external source via radio frequency (RF) communi- 
cations. This is in contrast to prior art tire tags which 
attach to the tire, to the wheel or to the valve stem exdu- 

20 sively and which have the entire components incorpo- 
rated therein. Thus, the improved apparatus of the 
invention adds design flexibility to the tire tag module 
and perm its separation of module functions into dis- 
crete components improving external RF communica- 

25 tion reception in terms of signal/noise ratio, 
reproducfoifity and distance since the signals dp not 
have to be transmitted through the tire to the external 
receivers or interrogators. Likewise, the transponder 
can be mounted directly on the rim or on the air control 

30 valve without affecting the concept of the invention with 
the antenna in both cases extending through the rim to 
an external location of the tire. 

[0023] The improved apparatus is comprised of at 
least two electronic components one of which is similar 
35 in many respects to the tire tags defined in the above 
forementioned patents which attaches to the innerOner. 
This may use a patch and contain electronics to sense 
temperature and pressure; and provide ID storage of 
data in memory. This device will transmit/receive data 
ao to/from a second device namely, transponder 20 which 
is located within the tire-wheel envelope or cavity. This 
transponder is a relatively simple and inexpensive 
device and therefore, in addition to providing enhanced 
communication, does so at a reduced cost Likewise, 
45 the mounting of the transducer directly on the rim or-the 
air control valve renders it unaffected by the high tem- 
peratures which the tire incurs during its initial manufac- 
ture and vulcanization and subsequent retreacfing, 
which is common in larger truck size tires. Also, the par- 
se ticular microchip and sensor thereof need not be dedi- 
cated to a particular tire but can be changed to achieve 
van otis results without specific regards to the particular 
tire on which rt will be mounted. 
[0024] Also, battery 24 can be considerably larger and 
55 have greater power output than battery 18 of tire tag 2. 
This simplifies tag 2 and reduces its cost and size over 
the tire tag devices of prior art monitoring systems. Also, 
battery 24 can be larger and more powerful since it will 
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not affect the ride provided by the tire since tt is mounted 
on the tire rim and not located on one side of the tire 
inneriiner as in prior devices. Also, the battery is unaf- 
fected by the heat of vulcanization and can be replaced 
easier than if formed as an integral component of the 
tire tag which may be formed as an integral part of the 
tire. 

[0025] An important advantage of the monitoring sys- 
tem of the present invention is the placement of antenna 
26 exteriorly of cavity 8 by feeding it through grommet 
40 or other type of sealed opening in the tire, or by 
incorporating it in or on the inflation stern 10 as shown 
in FIG. 1. This enables battery 24 to consume less 
power to transmit the information to a remote interroga- 
tor since it is not surrounded by the usual steel bete and 
sidewalls of a tire as in prior art systems wherein the 
antenna is located entirely within the tire cavity. Further- 
more, the antenna can be "tuned" by varying the length 
thereof since H is readily accessible exteriorly of the tire. 
[0026] It is alsojeadily apparent that the memory and 
sensing devices in tag 2 could be activated directly by 
an outside interrogator and function without its own 
internal battery; although the use of a low-power battery 
and antenna contained within the tire tag is preferable 
since the same can be achieved relatively inexpensive 
and will provide increased versatility thereto. Another 
advantage is that memory device 12, due to its low cost 
of production and installation, will have a particular 
memory pertaining to the tire in which it is affixed and 
need not be erased and programmed when put on a 
different rim and will remain on the tire throughout its 
life. Again, the chief advantage is that the monitoring 
system of the present invention is more versatile in that 
it adds design flexibility to the tire tag and permits sepa- 
ration of module functions into discrete components 
capable of improving external RF communication recep- 
tion in the term of signal/noise ratio, reproducibility and 
distance. 

[0027] Accordingly, the improved method and appara- 
tus for transmitting stored data and engineering condi- 
tions of a tire to a remote location is simplified, provides 
an effective, safe, inexpensive, and efficient device and 
method which achieves all the enumerated objectives, 
provides for eliminating difficulties encountered with 
prior devices and methods, and solves problems and 
obtains new results in the art 

[0028] In the foregoing description, certain terms have 
been used for brevity, clearness and understanding; but 
no unnecessary limitations are to be implied therefrom 
beyond the requirement of the prior art. because such 
terms are used for descriptive purpose and are 
intended to be broadly construed. 
[0029] Moreover, the description and illustration of the 
invention is by way of example, and the scope of the 
invention is not limited to the exact details shown or 
described. 

[0030] Having now described the features, discoveries 
and principles of the invention, the manner in which the 



improved method and apparatus for transmitting stored 
data and engineering conditions of a tire to a remote 
location is constructed and used, the characteristics of 
the construction, and the advantageous, new and useful 
5 results obtained, the new and useful structures, 
devices, elements, arrangements, parts and combina- 
tions and method steps, are set forth in the appended 
claims. 



io Claims 

1. A method of transmitting stored data and an engi- 
neering condition of a pneumatic tire to a remote 
location wherein the tire is mounted on a rim form- 
is ing an internal pressure cavity, said method com- 
prising the steps of: 

providing the tire with a device which provides 
for the storage of data pertaining to the tire and 
20 which senses an engineering condition of the 

tire; 

securing the device to the tire within said inter- 
nal pressure cavity; 

providing a transponder which includes an 
25 amplifier, a f irst antenna, a first power source 

and a control circuit for sensing the tire data 
stored in the device and the engineering condi- 
tions sensed by said device; 
securing the transponder within the pressure 
30 cavity adjacent the rim and remote from the 

device; 

locating a portion of the first antenna externally 
of the pressure cavity; 

transmitting the stored data and sensed engi- 
35 neering condition from the device to the trans- 

ponder; and 

retransmitting the stored data and sensed engi- 
neering condition from the transponder to a 
remote location by the first antenna located 
40 externally of the pressure cavity. 

2. The method defined in Claim 1 including the step of 
securing the data storage and sensing device to the 

inneriiner of the tire. 

45 

3. The method defined in Claim 2 including the step of 
bonding the date storage and sensing device to the 
inneriiner of the tire within the pressure cavity after 
finished molding of said tira 

4. The method defined in Claim 1 including the step of 
securing the transponder to the rim within the pres- 
sure cavity of the tira 

55 5. The method defined in Claim 4 including the step of 
extending the first antenna externally of the pres- 
sure cavity by passing said antenna through a 
sealed opening of the rim. 
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6. The method defined in Claim 1 including the step of 
mounting the transponder on an air control valve of 
the tire. 

7. The method defined in Claim 6 including the step of 5 
extending the first antenna externally of the pres- 
sure cavity by passing said antenna through the air 
control valve. 

8. The method defined in Claim 1 including the step of 10 
providing the data storage and sensing device with 

a second antenna and a second power source. 

9. The method defined in Claim 1 including the step of 
using radio frequency (RF) for transmitting the is 
stored data and sensed engineering condition from 
the data storage and sensing device to the trans- 
ponder and from said transponder to the remote 
location. 

20 

10. A tire mounted on a rim and defining a pressuriza- 
ble cavity between the tire and rim and having first 
means for storing data concerning the tire and for 
sensing an engineering condition within the tire, 
and second means for transmitting the data and 25 
sensed engineering condition to a remote location; 

said first means including a data storage 
device mounted on the tire within the pressuriz- 
abJe cavity and containing stored data pertain- 30 
ing to the tire and a sensor device mounted on 
the tire within the pressurizabie cavity; and 
second means including a transponder 
mounted adjacent to the rim and remote from 
the first means within the pressurizabie cavity 35 
for collecting data from the data storage device 
and from the sensor device and for retransmit- 
ting the collected data to a remote location 
unattached to the tire; and 

said transponder further including a power 40 
source and a first antenna extending through 
the rim to a location external of the tire cavity 
for trans m itt i ng the stored data and sensed 
engineering condition to a remote location. 

45 

11. The tire as defined in Claim 10 wherein the data 
storage device and sensor device are encapsulated 
by a material and secured to an innerliner of the tire 
in the vicinity of a tire bead. 

so 

12. The tire as defined in Claim 10 wherein the rim 
includes an air control valve; and in which the first 
antenna extends through said valve. 

13. The tire as defined in Claim 10 wherein the trans- 55 
ponder is mounted on the rim; in which the rim 
includes a sealed aperture; and in which the first 
antenna extends through said sealed aperture. 



14. The tire as defined in Claim 10 wherein the trans- 
ponder includes RF circuit means for retransmitting 
the collected data to the remote location. 

15. The tire as defined in Claim 10 wherein the data 
storage and sensing means includes a battery and 
RF circuit means for transmitting the sensed engi- 
neering condition and stored data to the trans- 
ponder. 

16. The tire as defined in Claim 10 wherein the power 
source is a battery. 

17. Apparatus for monitoring a pneumatic tire compris- 
ing: 

a tire tag containing stored data pertaining to a 
particular tire in which the tog is adapted to be 
mounted on an irmertiner of the tire within a 
pressure chamber of the tire and a sensor for 
sensing an engineering condition within the 
tire; and 

a separate transporting device adapted to be 
mounted on a rim on which the tire is mounted, 
said transponding device including a first 
antenna, an ampfifier and a first power source 
for receiving a sensed engineering condition 
and the stored data from the tire tag and for 
transmitting said data and sensed engineering 
condition to a remote location by the first 
antenna and first power source wherein said 
first antenna is adapted to extend from the 
transponding device externally of the tire. 

18. The apparatus as defined in Claim 17*wherein the 
tire tag includes an outer housing of a material suit- 
able for securing the tire tag to the interior of the 
tire. 

19. The apparatus as defined in Claim 17 wherein the 
tire tag includes a second power source and a sec- 
ond antenna. 

20. The apparatus as defined in Claim 17 wherein the 
tire tag and transponding device each includes 
radio frequency (RF) circuit means for transmitting 
tie data and sensed engineering condition. 
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(54) Method and apparatus for transmitting stored data and engineering conditions of a tire to a 
remote location 

(57) A method for monitoring various engineering 
conditions of a pneumatic tire (1) such as temperature, 
pressure, tire rotation and other operating conditions of 
the tire. A tire tag (2) is mounted on the interior (3) of 
the tire within the pressurizable cavity and contains the 
stored data and sensors for detecting certain conditions 
within the cavity. A separate transponding device (20) 
is mounted on the tire rim . The tire tag contains a battery, 
an antenna and stored data pertaining to the tire. The 
transponding device uses electronic circuitry which col- 
lects data from the tire tag. The tire tag is actuated by 
transmitted radio frequency waves from the transpond- 
ing device, which data is retransmitted by the transpond- 
ing device to the remote location by an antenna (26) 
which extends from the transponding device through the 
rim (6) to a location externally of the tire. 
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